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1.0  Project  and  Methodology  Scope  and  Description 

This  quantification  protocol  is  written  for  companies  that  produce  or  aggregate  goods  requiring 
transport  in  or  through  Alberta,  and  ship  to  and  from  a variety  of  locations.  This  protocol  is 
applicable  to  the  quantification  of  greenhouse  gas  (GHG)  emissions  reductions  resulting  from  the 
shifting  of  transportation  modes  within  the  province  of  Alberta. 

1.1  Protocol  Scope  and  Description 

Companies  that  produce  or  aggregate  goods  requiring  transport  in  or  through  Alberta  ship  to  and 
from  a variety  of  locations  (herein  referred  to  as  “Origins”  and  “Destinations”)  primarily  by 
either  truck  or  rail,  and  in  a small  percentage  of  cases  also  by  marine  and  air.  Where  greenhouse 
gas  emissions  associated  with  the  various  potential  transportation  modes  differ,  shifting  freight 
transportation  from  a more  GHG-intensive  mode  to  a less  GHG-intensive  mode  will  result  in 
GHG  emission  reductions. 

This  protocol  provides  a method  for  calculating  the  GHG  emission  reductions  that  occur  from 
shifting  baseline  truck  freight  transport  to  project  rail  freight  transport  in  the  Alberta  context. 
This  activity  results  in  emission  reductions  given  the  significantly  higher  fuel  consumption  and 
associated  GHG  emission  rates  of  trucks  as  compared  to  rail  per  amount  and  distance  of  freight 
shipped.  The  opportunity  for  shifting  from  truck  to  rail  is  considered  strongest  in  the  Alberta 
context  for  larger  shipments  traveling  longer  distances  (e.g.  east  / west  movements  passing 
through  Alberta;  large  bulk  good,  commodity  and  equipment  movements  into  or  out  of  the 
province),  versus  smaller,  more  regional/local  shipping.  However,  this  protocol  is  not  restricted 
to  these  types  of  shipments,  and  may  be  applied  to  all  types  of  shipping  that  meet  the 
applicability  criteria  presented  in  this  Section. 

Transport  modes  other  than  truck  and  rail,  such  as  air  or  marine,  are  not  considered  within  the 
scope  of  this  protocol  (and  as  such,  shifting  to  or  from  these  other  modes  is  excluded  from 
consideration). 

A process  flow  diagram  for  a typical  project  case  is  provided  in  FIGURE  1.1,  and  for  a typical 
comparison  baseline  case  in  FIGURE  1.2. 
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FIGURE  1.1:  Process  Flow  Diagram  for  Project  Condition 
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depending  on  the  specific  details  of  a project. 
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FIGURE  1.2:  Process  Flow  Diagram  for  Baseline  Condition 
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Notes 

’Unloading  and  loading  at  sites  other  than  the  Origin  and  Destination  may  not  be  necessary  or  may  occur 
multiple  times,  depending  on  the  specific  details  of  a project. 

2Energy  types  and  sources  depend  on  the  equipment  and  facilities  used  for  loading  and  unloading 
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Protocol  Approach: 

Determining  the  GHG  emissions  resulting  from  freight  transportation,  and  in  particular  truck 
transportation,  can  be  quite  complicated  due  to  numerous  factors  influencing  emissions  (see  Note 
1 below  Table  2.6  for  details).  Matters  are  further  complicated  where  goods  are  shipped  by  a 
particular  company  to  various  Origins  and  Destinations  using  a number  of  different  routes  and 
associated  truck  and  rail  configurations,  as  some  companies  may  not  have  detailed  route 
distance,  tonnage  and  transport  mode  data  for  each  shipment. 

Therefore,  a simplified  approach  presented  in  this  protocol  for  quantifying  the  GHG  benefits  of 
shifting  from  truck  to  rail  freight  transportation  in  the  Alberta  context  (suitable  for  only  some 
forms  of  shipping)  relies  on  the  use  of  average  and  conservative  emission  factors  and 
assumptions  to  allow  for  the  recognition  of  emission  reducing  modal  shifting  even  when 
detailed,  per-shipment  project  data  is  not  available.  Where  a project  involves  shipments  that  do 
not  qualify  for  the  simplified  approach,  a more  detailed  approach  involving  tracking  of 
individual  tonnage  and  distance  data  for  each  shipment  is  provided. 

Additionally,  since  emission  reductions  from  a single  shipment  of  goods  will  be  very  small,  this 
protocol  is  intended  to  be  used  for  the  aggregation  of  emission  reductions  from  all  shipments 
initiated  by  a particular  producer  or  aggregator  of  goods  such  that  the  total  emission  reductions 
calculated  and  resulting  offset  credits  that  might  be  generated  would  justify  the  costs  associated 
with  quantifying  the  reductions. 

In  order  to  accurately  compare  GHG  emissions  of  rail  transport  to  truck  transport,  this  protocol 
assumes  a common  project  and  baseline  function  of  freight  transportation,  and  a functional  unit 
of  revenue  tonne-kilometers  (RTK)  shipped,  representing  the  product  of  the  mass  of  freight 
shipped  and  the  distance  the  freight  is  shipped. 

Protocol  Applicability: 

This  protocol  applies  where: 

1.  The  most  likely  situation  in  the  absence  of  the  project  for  rail  freight  shipments  being 
included  as  part  of  the  project  would  be  the  shipping  of  the  same  freight  by  truck  (i.e.  only 
freight  shipped  by  rail  that  would  have  otherwise  been  shipped  by  truck  is  considered  a 
part  of  the  project,  which  means  that  some  rail  freight  transportation  used  by  a developer 
may  be  excluded  from  the  project). 

2.  The  goods  being  shipped  as  part  of  the  project  originate  from  a single  producer  or 
aggregator  of  goods  (not  necessarily  a single  location,  but  a single  company),  with  this 
producer  or  aggregator  being  considered  the  project  developer.  Note  that  this  protocol 
cannot  be  used  to  quantify  the  modal  shifting  benefits  of  goods  being  shipped  by  multiple 
companies  - such  freight  shipments  from  each  individual  company  would  need  to  be 
considered  separately. 

3.  The  project  developer  has  shipped  goods  for  at  least  three  years  (and  thus  has  sufficient 
information  with  which  to  construct  a baseline). 
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4.  The  project  meets  the  requirements  for  offset  eligibility  as  specified  in  the  applicable 
regulation  and  guidance  documents  for  the  Alberta  Offset  System.  Of  particular  note, 
emission  reductions  must: 

o Result  from  actions  taken  on  or  after  January  1,  2002 
o Have  clearly  established  ownership  (see  note  below) 

o Have  occurred  in  Alberta  (which  in  the  context  of  this  protocol  means  that  freight 
shipments  included  as  part  of  the  project  must  originate,  terminate,  and/or  pass 
through  Alberta,  and  only  the  portion  of  the  journey  occurring  in  Alberta  can  be 
counted). 

With  respect  to  ownership,  while  the  primary  emission  sources  associated  with  this  protocol 
(truck  and  rail  combustion  emissions)  may  not  be  directly  owned  or  controlled  by  the  project 
developer  (i.e.  the  producer/aggregator),  the  potential  for  ownership  issues  arises.  The  project 
developer  must  demonstrate  they  have  legal,  agreed  to  access  to  the  data  necessary  for  emission 
calculations  for  project  and  baseline  sources  in  order  to  claim  benefit  for  emission  reductions 
quantified  using  this  protocol. 

Users  of  this  protocol  should  clearly  describe  how  their  project  meets  these  eligibility 
requirements  in  their  Offset  Project  Plan. 

Protocol  Flexibility: 

Flexibility  in  applying  this  quantification  protocol  is  provided  to  project  developers  in  three 
ways: 

1 . Determining  Project  Rail  Revenue  Tonne-Kilometers  (RTK) 

Project  developers  may  use  one  of  two  approaches  for  determining  the  amount  of  project 
rail  RTK  that  resulted  from  a shift  away  from  trucking  in  the  baseline. 

Option  1 - Simplified  Approach 

This  option  is  for  use  where  the  developer  does  not  have  access  to  detailed  distance  data 
for  each  shipment  carried  out  during  the  project  and  baseline  timeframes,  and  is  only 
suitable  for  freight  shipments  that  pass  through  Alberta  east  to  west  or  west  to  east  but  that 
do  not:  originate,  terminate,  and/or  switch  modes  within  Alberta;  or  pass  through  Alberta 
to  or  from  the  North  West  Territories  or  the  United  States.  For  this  option,  a standard 
assumption  has  been  made  regarding  transportation  distances  for  truck  and  rail. 

Option  2 - Detailed  Approach 

This  option  should  be  used  where  the  developer  has  access  to  detailed  size  (tonnage)  and 
distance  data  for  each  freight  shipment  conducted  during  the  project  and  baseline 
timeframes,  and  must  be  used  for  freight  shipments  that:  originate,  terminate,  and/or 
switch  modes  within  Alberta,  or  pass  through  Alberta  to  or  from  the  North  West 
Territories  or  the  United  States. 
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2.  Trucking  GHG  Emission  Factor 

This  protocol  provides  a default  trucking  emission  factor  for  use.  However,  where  the 
developer  has  access  to  truck  transport  emission  factors  specific  to  the  fleet  of  baseline 
trucks  and/or  types  of  routes  being  used,  or  otherwise  has  trucking  emission  factors  that 
are  more  suitable  for  the  project,  these  factors  may  be  used  instead  of  the  single  default 
factor  provided  in  this  protocol.  Alternative  emission  factors  could  include  a single 
emission  factor  or  a number  of  emission  factors  corresponding  to  different  truck 
configurations,  routes,  etc.  being  used.  Where  the  developer  decides  to  use  their  own 
factors,  the  appropriateness  of  these  factors  must  be  justified. 


1 .2  Glossary  of  New  Terms 


Term 

Acronym 

Definition 

Destinations 

D 

The  ultimate  destination  for  freight  being  shipped  by  the  project. 
This  is  the  location  where  the  freight  would  be  unloaded  from  a 
truck  or  train  after  having  been  shipped  from  project  Origins. 

Origins 

0 

Starting  points  for  freight  being  shipped  by  the  project.  This  is 
the  location  where  the  freight  would  be  loaded  onto  a truck  or 
train  for  ultimate  delivery  to  Destinations. 

Revenue  tonne  - kilometer 

RTK 

The  product  of  the  mass  of  freight  shipped  and  the  distance  the 
freight  is  shipped.  RTK  excludes  any  non-revenue  transportation 
movement  (e.g.  moving  railway  or  other  non-revenue  materials, 
empty  rail  cars  and  truck  trailers,  etc.),  and  does  not  include  the 
weight  of  the  rail  cars  or  truck  trailers  themselves. 

Intermodal  Terminal 

A location  where  truck  containers  can  be  transferred  to  trains  or 
containers  on  trains  can  be  transferred  to  trucks. 

Rail  Hub 

A more  general  term  than  intermodal  terminal  specifying  a 
location  where  freight  can  be  transferred  between  truck  and  rail. 

Rail  Spur 

A rail  line  that  is  brought  directly  into  a facility  (origin  or 
destination)  such  that  transport  by  truck  to  or  from  an  intermodal 
terminal  is  not  required  to  ship  by  rail. 

Producer 

Refers  to  the  company  that  manufactures  the  goods  to  be 
shipped. 
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Term  Acronym  Definition 

Aggregator 

For  the  purposes  of  this  protocol,  ‘aggregator’  refers  to  a 
company  or  organization  that  collects  the  same  kind  of  good  (e.g. 
wheat,  lumber,  etc.)  from  a number  of  small  producers,  and  acts 
on  their  behalf  to  ship  the  goods  from  a centralized  location. 

For  the  purposes  of  this  protocol,  ‘aggregator’  excludes  shipping 
companies  and  third  party  logistics  companies  that  handle  a wide 
variety  of  goods  from  many  different  producers  and  aggregators. 
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2.0  Quantification  Development  and  Justification 

The  following  sections  outline  the  quantification  development  and  justification. 

2.1  Identification  of  Sources  and  Sinks  (SS’s)  for  the  Project 

Approach: 

A systematic  approach  was  used  to  identify  GHG  sources,  sinks,  and  reservoirs  (SSs)  that  could 
be  controlled,  related  or  affected  by  the  project  and  that  could  fall  within  the  project  scope 
described  in  Section  Error!  Reference  source  not  found.. 

The  steps  of  the  systematic  approach  used  are  outlined  below: 

1)  Identify  the  project  model  based  on  the  activities  included  in  the  project  by: 

a.  identifying  main  project  activities  that  immediately  provide  for  project  function  (i.e. 
physical  transporting  of  freight  from  Origins  to  Destinations); 

b.  identifying  inputs  and  outputs  (materials  and  energy)  associated  with  these  main 
activities;  and 

c.  identifying  additional  project  activities  by  tracking  identified  material  and  energy 
inputs/outputs  upstream  to  origins  in  natural  resources  and  downstream  along  life- 
cycle;  and 

d.  review  all  activities  and  material  and  energy  flows  to  ensure  that  all  relevant  activities 
have  been  identified 

2)  Based  on  the  project  model  developed  in  Step  1),  identify  all  SSs  and  classify  these  SSs  as 
either  controlled,  related,  or  affected  by  the  project. 

Result: 

As  illustrated  previously  in  Error!  Reference  source  not  found.,  shipping  of  freight  by  rail 
from  Origins  to  Destinations  generally  involves  the  following  main  activities: 

1)  Transporting  the  freight  by  truck  from  Origin  to  intermodal  terminals  or  rail  hubs  (except 
where  freight  is  loaded  directly  onto  a train  at  an  Origin  rail  spur) 

2)  Transporting  the  freight  by  train  to  intermodal  terminals  or  rail  hubs  close  to  Destinations, 
or  rail  spurs  at  Destinations 

3)  Transporting  the  freight  by  truck  from  intermodal  terminals  or  rail  hubs  to  Destinations 
(except  where  freight  is  unloaded  directly  from  a train  at  a Destination  rail  spur) 

As  part  of  the  above  steps,  it  may  be  necessary  to  load  and  unload  the  freight  multiple  times, 
including  at  Origins  and  Destinations  and  when  transferring  freight  from  truck  to  rail  and  vice- 
versa  (if  required).  However,  where  multiple  trains  are  required  to  complete  the  shipping  of 
freight,  it  should  be  noted  that  freight  would  not  be  unloaded  and  loaded  each  time,  but  instead 
freight  rail  cars  would  be  simply  uncoupled  from  one  train  and  coupled  to  the  next. 

SSs  associated  with  these  activities,  and  related  inputs,  outputs  and  other  activities  identified 
using  the  systematic  approach  described  above,  are  illustrated  in  FIGURE  2.1. 


Page  8 


Figure  0.1:  Project  SS  Life  Cycle  Chart 
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SSs  presented  in  FIGURE  0.1  are  described  in  ERROR!  REFERENCE  SOURCE  NOT 
FOUND..  Note  that  in  classifying  SSs  as  controlled,  related,  or  affected  from  the  perspective  of 
the  project  developer,  it  is  assumed  that  the  project  developer  is  the  producer  or  aggregator  of  the 
freight  to  be  shipped,  and  that,  with  the  exception  of  loading  equipment  at  Origins,  they  do  not 
own  or  directly  control  any  of  the  activities  identified  for  the  project. 
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Table  1-1:  Project  SS’s 
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2.2  Identification  of  Baseline 

To  determine  the  amount  of  freight  transportation  shifted  from  truck  to  rail  by  the  project  and 
ultimately  calculate  associated  GHG  emission  reductions,  it  is  necessary  to  identify  the  most 
appropriate  baseline  scenario.  While  it  is  assumed  (as  part  of  the  protocol  scope)  that  the 
baseline  scenario  will  involve  transportation  of  freight  using  at  minimum  truck  transportation, 
options  exist  with  respect  to  how  this  baseline  is  determined. 

Five  specific  types  of  potential  baseline  scenarios  have  been  considered,  as  described  the  draft 
GHG  quantification  guidance  prepared  by  Environment  Canada  in  2006  (Environment  Canada, 
2006a).  Please  note  that  this  discussion  is  focused  on  determining  the  most  appropriate  baseline 
freight  transportation  activity  data  (i.e.  RTK  shipped  by  various  modes),  versus  identifying  the 
most  appropriate  baseline  emission  factor  data,  which  is  discussed  in  Section  Error!  Reference 
source  not  found.. 


The  baseline  condition  for  projects  applying  this  protocol  is  a historic,  static  baseline  (since 
based  on  historic  practices  that  have  already  occurred).  Amounts  of  baseline  freight 
transportation  by  truck  and  rail  would  be  determined  based  on  past  transportation  practices  of  the 
project  developer.  Because  transportation  practices  of  individual  companies  can  be  highly 
varied,  depending  on  the  goods  being  shipped,  geographic  location,  and  individual  decisions 
made  by  each  company,  an  historic,  project  developer-specific  baseline  offers  the  greatest 
combined  level  of  transparency  and  accuracy  for  the  baseline. 

To  avoid  the  impact  of  year-to-year  business  fluctuations  on  determination  of  baseline  data, 
baseline  data  should  be  compiled  over  a minimum  3 -year  historic  period  (versus  over  a single 
year)  immediately  prior  to  commencement  of  the  project,  or  the  3 -year  period  immediately  prior 
to  the  Alberta  Offset  System  project  eligibility  date  of  January  1,  2002,  (i.e.  1999  - 2001) 
whichever  is  later.  This  baseline  could  also  include  more  detailed  information  about  truck 
configuration  and  type  if  available.  As  such,  this  protocol  is  limited  to  developers  who  have 
been  in  business  for  more  than  three  years,  and  that  should  therefore  have  sufficient  data  to  craft 
a 3 -year  average  historic  baseline. 

2.3  Identification  of  SS’s  for  the  Baseline 

Approach: 

A systematic  approach  equivalent  to  the  approach  outlined  for  the  project  in  Section  Error! 
Reference  source  not  found,  was  also  used  to  identify  SSs  for  the  baseline,  using  the 
baseline  process  flow  diagram  provided  in  ERROR!  REFERENCE  SOURCE  NOT  FOUND.. 

Result: 

Shipping  of  freight  by  truck  from  Origins  to  Destinations  generally  involves  only  one  main 
activity:  transporting  the  freight  by  truck  from  Origins  to  Destinations. 
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As  part  of  this  main  activity,  it  will  be  necessary  to  load  and  unload  the  freight  at  least  once  (i.e. 
load  at  Origins  and  unload  at  Destinations),  and  possibly  multiple  times  if  multiple  trucks  are 
required  to  complete  the  journey.  SSs  associated  with  these  activities,  and  related  inputs,  outputs 
and  other  activities  identified  using  the  systematic  approach  described  above,  are  illustrated  in 

FIGURE  0-2 

SSs  presented  in  FIGURE  0-2  are  described  in  ERROR!  REFERENCE  SOURCE  NOT 
FOUND. 2 Note  that  in  classifying  SSs  as  controlled,  related,  or  affected  from  the  perspective  of 
the  project  developer,  it  is  assumed  that  the  project  developer  is  the  producer  or  aggregator  of  the 
freight  to  be  shipped,  and  that,  with  the  exception  of  loading  equipment  at  Origins,  they  do  not 
own  or  directly  control  any  of  the  activities  identified  for  the  project. 
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Figure  0-2:  Baseline  Element  Life  Cycle  Chart 
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Table  2.2:  Baseline  SS’s 
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2.4  Selection  of  Relevant  Project  and  Baseline  SS’s 

Project  and  baseline  SSs  identified  in  Sections  Error!  Reference  source  not  found,  and  Error! 
Reference  source  not  found,  were  screened  for  relevance.  An  SS  was  not  considered  relevant, 
and  thus  excluded  from  quantification,  if  any  of  the  following  criteria  applied: 

• Emissions/removals  for  the  SS  unchanged  between  project  and  baseline 

• Emissions/removals  for  the  SS  less  for  the  project  than  the  baseline  and  quantification  of 
the  emissions/removals  not  considered  cost-effective 

• Project  emissions/removals  for  the  SS  expected  to  be  less  than  1%  of  total  emission 
reductions  / removal  enhancements  for  the  project  as  a whole,  making  the  quantification 
of  the  SS  not  cost  effective  given  the  its  limited  impact  on  overall  results 

• It  is  determined  that  the  SS  is  not  actually  an  emission  source  for  the  project/baseline 

Results  of  this  screening  are  presented  in  TABLE  03,  with  SSs  included  for  quantification 
highlighted  in  bold  text. 
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Table  0.3:  Comparison  of  Project  and  Baseline  SSs 
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2.5  Quantification  of  Reductions,  Removals  and  Reversals  of 
Relevant  SS’s 

2.5.1  Quantification  Approaches 

Procedures  for  quantifying  emissions  associated  with  relevant  SSs,  including  associated  data 
measurement  and  estimation  procedures  are  described  in  TABLE  0.44  and  TABLE  0.55  for 
project  and  baseline  SSs,  respectively.  SSs  are  listed  in  order  of  expect  magnitude  of  emissions, 
from  greatest  to  least. 
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Table  0.4:  Procedures  for  Measuring/Estimating  Parameters  for  Calculating  Project  SSs 


S & 


« c 
s -S 

G 

•3  s 

& 


■2  *2 

= 1 
3 .§ 

§ w 


!m 

0> 

4-  CD 

4»  — 

e -Q 


St  S3 

e-  > 


o 

3 

03 

fa 

G 

_o 

&H 

£ 

3 

co 

G 

o 

fa 


O 

'o' 

fa 

O 

3 

‘Sb 

w 


o 

fa 

fa  o 


c 

O 

fa 

fa 

< 

O 

O 

on 


CD 

‘o' 

Vh 

fa 

CD  fa 

3 fa 
‘5b  o: 

fa!  ccs 

fa  fa 


O 
(D  O 
fa  O 


G 

O <N 
fa  O 
fa  o 
£ fa 

3 M 


D 

fa 

fa 

< 

D 

D 

IDO 


fa 


<3  CM 

1 3 

D O 

5P  <N 

s_  co 

§2  b 


< £fa 


■3 


o,  fa1 

21 

3 G 

^ S 

D G 

fa  fa 


D -rt 

U)  u 

G 

D £ 

“1 
c3  o- 
£3 


£ S 

fa  c 

£ ■§ 

O co 

o ‘3 
o £ 
fa  fa 


M O 

2 fa 

fa  D 


fa 

G 

D 

fa 

< 4 

CD  iS 
D D 
GO  fa 


fa 


^ D 


_ G 

co  G D 

D D G 

fa  > G 

” D O 

fa  fa  H 


3 & 
fa  3 o 
cS  O ^ 
fa  U fa 


D 

3 
3 

1 - 
3 £ 

<D  D 


fa  t3 
b£)  S 

3 3 

£ 


*2  a 
S ^ 

fa  u 

D O 
£ G 


OD 
co 

X £ 
O ^ 

C+H  fa 

o G 


G D 
^ £ 
o £ 

03 

fa  fa 


• G D 

3 G 

03  O 
S-l  ^ 

fa  3 

£ 3 

fa  fa 
.2  £ 
o 


D 

.>  CD 

| 3 
£ « 
o <5 


& 

2 

£ g" 
£ fa 

3 c 

^ 03 

a o 

o = 

fa  D 
CO  £ 


G D G fa 


03 


G 2 

fa  2 

st  fa 
G > 
G G 

o w 


^ 2 

03  O 

si 

1.1 
<D  to 

S -22 
^ 6 
£ D 


a ^ 
3 'Is 
a ^ 

D — < 
fa  G 

H g 

£ G 

2 £ 
D 
cd 

^ 0 

0 fa 

.2  D 

to 

05  eg 

£ fa 

D 3 
G fa 
.2  >, 

1 2 
fa  3 

£ £ 
S 3 


D 

o 

o 

M 


fa 

D 

fa 
fa , 
G ; 


3 G 
D J 

D G 
fa  G 

fa  T3 


_.  CO  > 

G - G 
fa  G O 
fa  fa  fa 

fa  G G 
D G 2 
co  G G 

fa  u 3 


w 


w 3 

O^1  CO 
D 

fa  3 
2 fa 


D 

G G 

3 o fa 

co  'fa  c 

•-  G 2 
Q fa 
fa  £ 

fa  fa  fa 


fa 

G 

O 

3 

fa 

fa 

G 

cd 

00 

_G 

fa 

G 

O 

fa 


X 

3s 

2 

H 


Page  26 


Freight  Modal  Shifting  May  2008 


I £ 

£ « 
4>  s 

£ .2 

& * 
S s 

3 tS 
a> 


-O  T3 

<y  at 


S w 


a> 

*-  D 

a>  — 

3 

g .2 

s-  *- 

3 3 
0-  > 


2 c« 

CU  CZ5 


O — 
\E2  D 
o w 

3 .2 


* s a £ 3 

W 03  Oh  O PL, 


L-i 

O 

O 

o 

O 

!h 

D 

i-c 

_o 

D 

cd 

td 

D 

D 

}-H 

cd 

p 

o 

ci3 

C/3 

T3 

P 

> 

CO 

2 

!— 

Ph 

D 

CP 

2 

P 

O 

C/3 

’ $-H 

P 

o 

3 

CO 

.£ 

D 

CP 

O 

_p 

‘cd 

p 

D 

44 

cd 

T3 

D 

C/3 

3 

3 

CP 

£ 

o 

M 

D3 

g 

P 

-3 

3 

2 

3 

2 

o 

_p 

3 

H 

H 

QQ 

D 

D 

o 

3 

2 

fli  c/3 

& s 

O -2 


£ £ 
H W 


3 'O 

II 

D X) 

2 t3 

•*  1 
3 


,o 


2 <D 


D D 

Q S-l 

O « 


CO  § 

.£  -5 

.2  C/3 


d 

£ T3 
3 D 

M ts 

(U  3 

1 ’a 

£ o 
o D 

2 a 

cn  a> 


c/3 

3 34 

8 o 

P O 

2 13 
T3-S 
.a  is 

c/3 

£ .2 


cd 

J-l  +J 

M D £ 

egg 
u 2<  S 
> 43  '■£ 

co^  8 
.Sum 
■q  u ,h 

g'g’S 

c a 8 

3 >>  £ 
3 U 2 
C > cd 
a u a 


§ s 

2 -o 
O 

d fa 
c/3  P- 
.2  33 
33  3 

G-i  ^ 
O 3 
*-  O 
P -33 

3 O 
o g 

§ s 

<2  D 


w frH  ^ 

•33  O ^ 


£ « 
u 13 
2 8 
2 '-3 

S3  <4-1 
o o 

2 P 

o 3 

Ph  O 
2 £ 
CP  3 


3 .5  (U 
3^2 
o o ^ 

HI 

g|  2 

O ^ (D 
3 £p-P 
Co2  c 

.5  15  § 

2^  0 T3 
Q,  ’ 1 D 
ST1  t!  c« 

p 2 ^ 

g I a 

2 o 2 

D 3 c/3 

S-<  O C/3 

2 p ’3 

H 2 d 


§?£  “ 

Is'- 

0 a,  c 

1 I •§ 

£ 

0) 


O 3 

III 

3 m s 
c«  ta  j_ 
3 'P  D 
O £ CP 
O D O 


<-W 

° 2 

2 1 
CJ  . 

2 £ 

§2 

o 

S jj 
< -s 


-3 
S"H  CL) 

2 3 
(U  . T3 

p b a 

L ?3 
g o -a 

CD  'O  3t" 
C O 
D -P  CP 

2 oo 


S-  t/j 

GO 


^ 30 

P P GO 

2 ""S  .£ 

u § ^ 

Sjo 

O fa  P 

u2p 


43  *t3 
30  S 
■£  3 

* s 


*-;  CL-  cd 

8 g.8 

.23  “ c 

tH  K! 

2 g .2 


« P 43 


P-  to 

.1  s 

.22  £ 
*-  o 

i— i CD 


§ 2 
£ p 
o S 

CD  S 

2 H 


£ «« 

£ 03 

2 p 

a o 
x P 
a S 

c«  g 

■3  § 

3 -P 
P > 
3 fi 

u w 


a CD 
c n 

32  2 

a 73 

c+h  P3 
O & 


<D  C 

II 

■8.1 


P 
o 


3 

P P 

<D  «3 

d -S2 
<2  a 
<d  p 


3 

si 

2 p 
D J 

D ed 
pP  P 
U T3 


3 

c O £2 

£ a >3 


2 ^ 
D 

> o 


DU2  £ 53 


pq 


O D 

U £3 

<P  j 


<u  .2 


W 


Page  27 


Freight  Modal  Shifting May  2008 


G 


Jh  co 

G 

<D 

33  s 

H 2 


O 
u 

« 1=0 
• S m 

52  3 — h 

3 2 3-' 


S3  * 

« e 

E -r 

«s 

S £ 


,3 


O ^ 

.2  <L> 
m 'K 
ca 

£ §- 

CD  3 


1/3 


1/3 

3 

-O 

£ 

o 

o 


>.  j2  _; 


cd 

> 

^ V2 

O Q 

O , 

(N  i— 1 


>4 

CJ 

e 

<u 

s 

a< 

<u 

3- 

fct. 


■2  ’S 

= 1 
S .§ 

« ta 

S a 


0/ 

H-  Of 

o>  — 
C -a 


&<  > 


a* 

•—5 

O 

l-  (Z) 
ft*  W 


G 


O 43 
3 X 
<d  a> 

3 3 

CO  -j-H 

5? 


s 3 
12  <» 
T3  3 
W g 

co  3 

-3  rrt 


O 3 
3 co 

|l 

.S  ca 


0) 

3 2 

^ c2 

cud 

3 qd 
O r® 
3 H 

O +J 
Oh  8 


M ^ 

2 13 

« 3 
> O 
v cd 

'I!  g js 

g .2  £ 
-0^-0 
;;  2 <u 
3 3 co 
T3  3 o3 

3 O -£> 

S'S-a 

^ U 3 
3 > § 

^ 3 co- 


O 

Ch 

^ >4 


1 U 3 

^ E3 


.2  M 03 

£ G ~ 

=3  ■? 


>-H 

cd  ^2  ^ 
3 3 pi 

"3  . cfq 

3 <d 


3 

3 O 

£ 


£ -3 


^ 'o1  - 

rn  fl  ^ M 

^ cd  a D 


G £ ^ 


<u  o 


Oh  3 

CD  H 


3 

3 3 <1 
^ G -a 

O .2  3 jg 
g .2  Oh  § 

> l S § 

>B  00  X3  3 


T3 

« 3 

3 3 
T3  3 
Oh  g 
3 3 

s-.  3 
fO  3 

^ 3 
M § 

O _H 
CD  3 


£ W -g 

73  3 3 

(D  3 3 
CO  o 3 

D £ U 


W 


CD 

(N 

8 s 


^ s 

S3  .2 

Oh  -O 


Oh  -1 


^ M a 
.2 

3 Td  -3 
•3  03  3 
d O jr! 
O *3  Oh 

? D O 


3 -3 
XJ  GO 


3 

CD 

Oh 

o 


CD  c« 
Oh  g 

O .2 


2 £ 

H W 


T3 

3 

(D 

Oh 

Oh 


^ v/3 

< 3 


S 3 

O o o 

3 c+h  — 


3 2 


Oh 

Oh 

< 


£ O 


3 3 *rj 

S -2  > 


2 ~o 

2 c 

3 03 
^ M 
3 3 

•2  t3 

o g 

<D  2 

fa  J 

O 


Page  28 


Table  0.5:  Procedures  for  Measuring/Estimating  Parameters  for  Calculating  Baseline  SSs 


Page  29 


Freight  Modal  Shifting  May  2008 


3 e 


s -B 

I 


XS  ■£ 
a>  *2 
4-  3 

I •§ 

It  to 

s es 


QJ 

SX 
.2 
2 is 

3 « 

fiu  > 

c4 


>» 

x 

~o 

<D 

£ 


w 


CQ  pq 


a>  ^ 
.3  o 

£ 2 
3 >> 

y fc 

3 > 

<u  ax 


<u  S3 

£ | 
O M 


00  ” 
"53  <o 
■ a3 

£ 

3 


3 g 
O U ^ 

u S3 

3.0  03 

g 3 O 

I I *s 

O co 
S u 3 


<D 

g 

£ 2 
CO  S-1- 
3 CO 


3 

CP 

<U  3 
& 

^ co 


O •§ 

s 1 
>3 


II  c 

> 1-2 
ax  o 

! = g 

> «r  « 
2 s § 


1 & 


o .52 
'S  ’5 

M 

,3  to  ►£  2 


PC  ° 


s -2 
.2  £ 


• is  33 


2 8 13 

OX  co 
<D 


W 


2 § 33 

CP  P 

s o -s 


O -3 


a g 

3C  g 

o 2 

1>  3 

£ c 
H o 


O 3 
1 1 


— h (U 

<u  £o 

CO  0) 

ax  -2 
•-  U 3 
Q "3  _J 

3 'O  ax 

a Id 

>5  ° 

3 : 3 OX) 

hh  ^ m 
hh  ^ in 

3 > K 

eg  y r- 

^ Q (N 
3 S.2 
*3  (U  d2 

II  2 
8|  § 
Cn)  ►>  o 


Oh 


(U  3 
£ 3 

U 33 


>%  ax  „ 

£ "£  ds 
X 2 


3 ° S > £ 
£ DC  3 ^ o 

2 a ^ u u 

3 “ fr.g 

l-S  1° 

^ ? § 


flj  ax  o 23 


CO  3 


. 0)  rs 

^3  xi 


ax  3 2 

co  3 3 3 o 

P U £ Q 2 


qq 


2, 

O CO 

ax 

U -3 

S J 

o 2 


VI  -Q  CO 

o p .S3 
2 o S 
HUM 


&-2 
.S  Cfl 

C/3 

r £ 

I— i ax 


OX  ■-* 
£ £ 
33  | 

| I 

£ °< 
'3  1/3 
c B -5 


OX  <U 
CO  s_ 

2 ,o 

33 

op  S3 
g •£ 
o E-h 

. 33 
OX  <D 


_3  .2 


33 

2 .S  3 

£ 

33  co 

3 3 co 
3 X)  <U 


<D 

OX) 

2 3 

(U  C 

> o 

_cO  3 •_£ 

| II 

-SI’S 

3 g co 
33  3 c3 
3 U X) 

§ <3  .2 

^ s-g 

3 .2  3 

g S g 

I s| 
! II 
s II 


3 

3 

Q 

. <P> 

5-3  § 
^ g S 

"S31 

^ co  ^ 
52  a 
3 55  o 
^ '-g  <u 
>>  ^ x 

0^5 

"S  3 

111 

a w if 


33  _ 

U 13 

3 g 
33  g 
CP  g 
^ 3 


34  O 
o ” 

D 3 


•S  w ^ 

73  3 2 
a>  3 c 
co  o 3 

P * u 


uq 


<L> 

CN 

O u 
U S 

<u  3 


•X  3 2 


Oh  5^ 

*§  £ 

3 W 


« eg 

CO  <Z) 


3 w 

III 

o 2 — 

, 2 4 £ 

m 5<  £ .2 
CQ  W Oh  Q 


Page  30 


Freight  Modal  Shifting May  2008 


os  " 
o>  s 

E .2 

f 1 


•o  •§ 

o £ 


4( 

0>  — 

S.O 

.2 

£ £ 

es  « 

On  > 


u 

O 

u 

Ml 


N 8 

O <D 

® Q 


,2  & 

co  <Z3 


Page  3 1 


Freight  Modal  Shifting 


May  2008 


2.5.2.  Contingent  Data  Approaches 

Contingency  procedures  for  data  collection,  where  the  methods  described  in  TABLE  0.44  and 
TABLE  0.5  are  not  available,  are  described  in  TABLE  0.6.6  and  TABLE  0.7.7  for  project  and 
baseline  SSs,  respectively. 


2.6  Management  of  Data  Quality 

Procedures  for  managing  data  quality  for  each  project  and  baseline  SS  are  described  in 
TABLE  0.8  and  TABLE  0.9,  respectively.  Note  that  only  parameters  that  involve  data 
measurement  and  / or  collection  are  discussed  in  the  tables.  Other  parameters  that  involve  either 
checking  a published  emission  factor  or  assumption,  or  using  data  collected  as  part  of  another  SS 
are  assumed  to  require  no  specific  QA/QC  procedures. 
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Table  0.6:  Contingency  Procedures  for  Measuring/Estimating  Parameters  for  Calculating  Relevant  Project  SSs 
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Table  0.8:  Project  SS  Parameters,  Data  Quality  Management 
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Appendix  I:  Determining  Eligible  Project  Rail  RTK 

Eligible  Project  Rail  RTK  represents  the  net  amount  of  baseline  truck  transportation  that  has 
been  shifted  to  rail  as  part  of  the  project.  To  determine  Eligible  Project  Rail  RTK,  the  project 
developer  must  determine  the  amount  of  rail  transportation  that  they  have  used  during  the  project 
time  period,  in  units  of  RTK,  that  is  due  to  a shift  away  from  truck  freight  transportation  in  the 
baseline.  Eligible  project  rail  RTK  will  be  smaller  than  or  equal  to  total  rail  RTK  during  the 
project  time  period  since  the  developer  may  have  already  been  using  a certain  portion  of  rail 
transportation  prior  to  the  start  of  the  project  that  would  be  considered  part  of  the  baseline  and 
thus  would  not  count  as  a project  activity.  This  determination  can  be  complicated  because  the 
amount  of  freight  transportation  conducted  by  a project  developer  can  vary  from  year  to  year  due 
to  various  factors,  including  growth  or  down-sizing  of  business  activity  and  associated  freight 
transportation.  As  such,  it  is  possible  to  observe,  relative  to  a baseline  case,  a decrease  in  total 
truck  transportation  RTK  without  a shift  to  rail  if  total  company  shipping  activity  decreases,  and 
conversely  also  an  increase  in  total  rail  transportation  RTK  without  a shift  away  from  truck 
transportation  if  total  company  shipping  activity  increases. 

Given  the  above,  the  following  general  approach  is  to  be  used  for  determining  the  amount  of 
baseline  truck  transportation  shifted  to  rail  in  the  project  (note  that  baseline  data  used  below  is 
selected  based  on  the  most  appropriate  baseline  scenario,  as  identified  in  Section  Error! 
Reference  source  not  found.): 

A)  Compare  the  percentage  of  rail  RTK  during  the  project  time  period  (as  a percentage  of 
total  RTK  shipped  by  rail  and  truck  combined)  to  baseline  rail  RTK.  If  the  project  rail  RTK 
percentage  is  smaller  than  the  baseline  rail  RTK  percentage,  then  the  project  data  does  not  show 
a shift  from  truck  to  rail  (i.e.  no  relative  increase  in  rail  use  has  been  observed). 

B)  Otherwise,  if  percentage  rail  RTK  is  increased  and  percentage  truck  RTK  is  decreased  for 
the  project  relative  to  the  baseline,  then  the  data  reflects  a shift  from  truck  to  rail.  In  this  case, 
the  percentage  shift  is  then  calculated  by  subtracting  the  project  percentage  of  transport  by  truck 
from  the  baseline  percentage  of  transport  by  truck,  as  shown  in  the  following  equation: 


%Shift  to  Rail  = %RTKTrUck  , Baseline  %RTKrruck  , Project 


Where, 

%Shift  to  Rail  = percent  of  project  RTK  that  represents  a shift  from  truck  to  rail 

%RTKrruck,  Baseline  = percent  of  total  baseline  RTK  shipped  by  truck 

%RTKTruck,  Project  = percent  of  total  RTK  shipped  by  truck  during  the  project  timeframe 

C)  To  determine  the  total  RTK  of  baseline  truck  transportation  that  has  shifted  to  rail  in  the 
project,  multiply  the  total  RTK  shipped  by  the  developer  by  both  truck  and  rail  combined  during 
the  project  timeframe  by  the  percentage  shift  from  truck  to  rail  determined  in  B),  above,  as 
shown  in  the  following  equation: 


RTK  Shift  to  Rail  = RTKTotai,  Project  X %Shift  to  Rail 
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Where, 

RTK  Shift  to  Rail  = the  amount  of  RTK,  in  units  of  tonne-kilometers,  that  has  shifted  from  truck 
to  rail  as  part  of  the  project 

RTK-rotai,  Project  = total  RTK  shipped  during  the  project  timeframe,  by  both  truck  and  rail 

%Shift  to  Rail  = percent  of  project  RTK  that  represents  a shift  from  truck  to  rail  (determined 

above) 


Two  options  have  been  identified  for  determining  the  percentage  of  total  RTK  freight 
transportation  conducted  by  the  developer  by  rail  and  truck  for  the  project  and  baseline. 

OPTION  1 - SIMPLIFIED  APPROACH 

The  simplified  option  is  available  only  for  freight  shipments  that  pass  through  Alberta  east  to 
west  or  west  to  east  using  a single  mode  of  transport  (truck  or  rail),  with  both  origin  and 
destination  outside  Alberta. 

Note:  if  the  developer  wishes  to  seek  credit  for  modal  shifting  for  other  types  of  freight 
shipments  (e.g.  shipments  that  originate,  terminate,  and/or  switch  modes  within  Alberta;  or  that 
pass  through  Alberta  to  or  from  the  North  West  Territories  or  the  United  States),  Option  2 - 
Detailed  Approach  must  be  used. 

This  simplified  approach  relies  on  the  key  assumption  that  it  is  reasonable,  based  on  an  analysis 
of  the  road  and  rail  network  in  Alberta,  to  assume  that  the  most  direct  (and  thus  typically  the 
most  economical)  route  for  freight  to  travel  through  Alberta  is  similar  for  both  rail  and  truck. 
Since  there  are  two  primary  east-west  rail  corridors  in  Alberta:  one  across  southern  Alberta  via 
Calgary  (approximate  distance  of  540  km)  and  a more  northerly  route  via  Edmonton 
(approximate  distance  of  650  km)1,  and  these  routes  correspond  generally  with  the  most  direct 
road  routes  across  the  province,  this  assumption  is  considered  appropriate.  Assuming  that  the 
two  routes  are  used  equally,  the  average  distance  across  Alberta  is  595  km.  However,  since  this 
assumption  cannot  be  easily  validated,  a conservative  estimate  of  540  km  (the  lower  value)  will 
be  used. 

Using  this  average  distance  for  both  truck  and  rail  shipments,  project  developers  need  only  track 
the  tonnes  of  freight  transportation  by  rail  and  truck  (separately)  across  the  province  for  both  the 
project  and  baseline  timeframe,  and  then  multiply  the  total  tonnage  and  average  distance  together 
to  calculate  total  RTK  shipped  by  each  mode.  Percentage  RTK  shipped  by  each  mode  for  both 
the  project  and  baseline  is  then  easily  calculated.  For  instance,  in  the  case  of  rail  RTK  during  the 
project  timeframe,  the  following  equation  would  be  used: 


%RTKRail 

, Project  RTKRaii  , Project  / RTKrotai  , Project  X 100% 


1 Distances  estimated  by  measured  road  distances  that  followed  the  same  route  as  the  rail  lines.  All  road  distances  were  taken  from 
google  maps  (http://maps.qooqle.comj 
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Where, 

%RTKRaii,  project  = percent  of  total  RTK  shipped  by  rail  during  the  project  timeframe 

RTKRaii,  project  = total  RTK  shipped  by  rail  during  the  project  timeframe 

RTKrotai,  Project  = total  RTK  shipped  during  the  project  timeframe,  by  both  truck  and  rail 

Resulting  percentages  are  then  used  in  the  procedure  described  at  the  beginning  of  this  note  to 
determine  total  RTK  shifted  from  truck  to  rail  (i.e.  Eligible  Project  Rail  RTK). 

For  monitoring  the  total  tonnage  shipped  by  each  mode,  the  developer  may  use  either  the 
detailed  tonnage  monitoring  approach  outlined  in  the  Detailed  Approach,  below,  or  use  any  other 
form  of  record  that  will  be  able  to  verifiably  demonstrate  during  an  audit  that  a given  tonnage  of 
freight  was  shipped  by  each  mode  across  Alberta  in  the  project  and  baseline  case. 

A project  developer  must  be  able  to  verifiably  demonstrate  during  an  audit  that  the  method 
selected  for  determining  freight  tonnage  values  results  in  accurate  tonnage  data,  and  that  the 
approach  gathers  data  from  all  freight  shipments  conducted  during  the  project  and  baseline 
timeframes  that  fall  within  the  scope  of  this  protocol.  All  records  of  tonnage  shipped  must  be 
permanent  records  that  are  company-approved  or  approved  by  a legislative  authority. 

OPTION  2 - DETAILED  APPROACH 

The  detailed  approach  must  be  used  when  a developer  wishes  to  seek  credit  for  modal  shifting 
for  shipments  that  originate,  terminate,  and/or  switch  modes  within  Alberta  (given  the  range  of 
actual  shipping  distances  that  could  result  from  origins  and  destinations  potentially  located  all 
over  the  province,  an  appropriate  simplified  approach  was  not  identified  for  these  types  of 
shipments).  A developer  may  still  choose  to  use  the  simplified  approach  for  shipments  passing 
through  Alberta  while  using  the  detailed  approach  for  all  other  shipments,  or  may  use  the 
detailed  approach  for  all  shipments. 

The  most  accurate  and  transparent  way  to  determine  the  percentage  of  total  RTK  freight 
transportation  conducted  by  the  developer  by  rail  for  the  project  and  baseline  is  through  the  use 
of  detailed  tonnage  and  distance  data  for  each  shipment  made  by  the  developer,  broken  down  by 
mode  of  shipment.  For  shipments  that  involve  both  truck  and  rail  (e.g.  shipping  goods  by  truck 
to  the  nearest  intermodal  terminal,  where  they  are  then  loaded  onto  a train),  the  distances  for  the 
truck  and  rail  portions  of  the  journey  must  be  tracked  separately. 

For  each  shipment,  monitored  tonnage  and  distance  values  are  then  multiplied  together,  and  then 
individual  RTK  values  for  each  shipment  made  using  a particular  mode  are  summed  together  to 
give  total  RTK  shipped  by  each  mode.  Total  RTK  shipped  by  both  truck  and  rail  combined  can 
then  be  determined  for  the  project  and  baseline  by  summing  these  mode-specific  RTK  values. 
Percentage  RTK  shipped  by  each  mode  for  both  the  project  and  baseline  is  then  easily  calculated. 
For  instance,  in  the  case  of  baseline  truck  RTK,  the  following  equation  would  be  used: 


/oRTKjruck  Baseline  RTKiYud^  Baseline  / RTKr0tal,  Baseline  X 100% 
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Where, 


%RTKTruck,  Baseline = percent  of  total  baseline  RTK  shipped  by  truck 

RTK-rruck,  Baseline  = total  baseline  RTK  shipped  by  truck 

RTKiotai,  Baseline  = total  baseline  RTK  shipped,  by  both  truck  and  rail 


Resulting  percentages  are  then  used  in  the  procedure  described  at  the  beginning  of  this  note  to 
determine  total  RTK  shifted  from  truck  to  rail  (i.e.  Eligible  Project  Rail  RTK). 

Availability  of  the  above  detailed  data,  however,  depends  on  project  developers  collecting 
tonnage  (or  other  load  size)  data  and  distance  data  for  each  shipment. 

Detailed  freight  tonnage  values  can  be  determined  in  a variety  of  ways,  including: 

• Direct  measurement  using  weigh-scales;  or 

• Estimation  using  a combination  of  other  measures  of  load  size  (e.g.  volume,  number  of  units, 
linear  measures  such  as  board-feet  for  lumber,  etc.)  and  average  densities  for  the  freight 
being  shipped  (e.g.  tonnes  per  pallet,  tonnes  per  1000  board-feet,  tonnes  per  box  car,  etc.). 

Distances  could  be  estimated  using  map  distance  tables,  internet-based  mapping  programs  (e.g. 
http://maps.yahoo.ca,  http://maps.google.ca,  http://www.mapquest.ca,  etc.),  or  other  distance 
databases  (direct  measurement  of  distances,  e.g.  using  odometer  readings,  is  not  currently 
considered  feasible  unless  the  project  involves  a very  limited  number  of  routes).  For  project  rail 
distances,  estimates  of  distance  would  ideally  be  based  on  rail  distances  versus  road  distances. 
However,  since  the  majority  of  distance  data  available  to  developers  will  likely  be  in  the  form  of 
road  distance  data,  and  road  distances  will  both  be  less  than  and  greater  than  rail  distances 
depending  upon  the  specific  routes,  use  of  either  road  or  rail  distance  data  is  deemed  acceptable 
for  these  estimates.  Note  that  only  distances  within  Alberta  are  to  be  considered.  For  shipments 
that  enter  or  leave  the  province,  only  the  Alberta  portion  of  the  journey  is  to  be  counted.  - 

This  tonnage  and  distance  data  could  be  tracked  and  recorded  in  a variety  of  ways,  most  easily  as 
part  of  a developer’s  invoicing  or  logistics  system,  either  as  part  of  invoicing  for  the  shipping 
(e.g.  where  cost  of  shipping  is  based  on  load  size  and  transportation  distance),  or  invoicing  for 
the  sale  of  the  freight  itself  (which  would  typically  involve  a quantity  of  goods  sold  and  a 
delivery  address,  from  which  a shipping  distance  could  be  determined).  Use  of  electronic 
invoicing  or  logistics  systems  would  make  the  processing  of  monitored  data  easier,  and,  for  ease 
of  subsequent  verification,  it  is  highly  recommended  that  a database  of  some  sort  be  used  to  store 
and  perform  RTK  calculations  on  all  monitored  data. 

A project  developer  must  be  able  to  verifiably  demonstrate  during  an  audit  that  the  methods 
selected  for  determining  freight  tonnage  values  and  distance  values  result  in  accurate  data,  and 
that  the  approaches  gather  data  from  all  freight  shipments  conducted  during  the  project  and 
baseline  timeframes  that  fall  within  the  scope  of  this  protocol.  All  records  of  tonnage  shipped 
and  distances  (or  proxies  for  distances  used  for  distance  estimates,  such  as  the  location  of  origins 
and  destinations)  for  each  shipment  must  be  permanent  records  that  are  company-approved  or 
approved  by  a legislative  authority. 
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Appendix  II:  Determining  Rail  Fuel  Consumption  Factor 

The  average  of  fuel  consumption  factors  (fuel  consumption  per  RTK)  for  the  three  most  recently 
available  years,  as  published  in  the  Railway  Association  of  Canada’s  Locomotive  Emission 
Monitoring  Program  annual  report  (www.railcan.ca),  is  to  be  recalculated  by  the  developer  on  an 
annual  basis  as  the  latest  year’s  data  becomes  available. 

To  determine  a single  year’s  fuel  consumption  factor  using  RAC  data,  the  following  equation 
should  be  used: 


FC  = (Total  Freight  RTK  in  billions  of  RTK)  / (Diesel  Fuel  Consumption  from  Total  Freight 

Operations  in  millions  of  L) 


Where, 

FC  = Fuel  Consumption  Factor  in  units  of  L diesel  per  1,000  RTK. 

Both  Total  Freight  RTK  and  Diesel  Fuel  Consumption  from  Total  Freight  Operations  can  be 
found  in  separate  tables  in  the  Locomotive  Emission  Monitoring  Program  annual  report.  The 
‘Rail  Reference  Data’  worksheet  within  the  spreadsheet  calculator  provides  a location  to  enter 
RTK  and  fuel  consumption  data  up  to  the  year  2010,  and  will  calculate  the  fuel  consumption 
factor  automatically  based  on  the  above  equation. 

Once  fuel  consumption  factors  for  the  three  most  recent  years  have  been  determined,  the 
following  equation  should  be  used  to  calculate  the  average  fuel  consumption  factor: 


FC  Average  (FCyearl  FCyear2  FCyear3)  / 3 


Where, 

FC  Average  = equals  the  three-year  average  fuel  consumption  factor 

FCyeari  , FCyear2  , and  F Cyear3  = the  three  most  recent  years’  fuel  consumption  factors 

The  ‘Assumptions’  worksheet  of  the  spreadsheet  calculator  provides  a convenient  place  to 
calculate  the  average  fuel  consumption  factor  based  on  the  above  equation,  and  individual  annual 
fuel  consumption  factors  determined  as  per  the  above. 

Note:  where  a developer  is  quantifying  emissions  for  historic  modal  shifting  activity  back  to 
2002,  an  historic  3-year  average  fuel  consumption  factor  for  the  three  years  immediately  prior  to 
the  year  being  quantified  should  be  used  (e.g.,  if  emissions  are  being  quantified  for  2005,  then  a 
3-year  average  for  the  years  2002  - 2004  would  be  used). 


Page  43 


Freight  Modal  Shifting 


May  2008 


Appendix  III:  Justification  for  Use  of  Annual  RAC  Rail  Fuel  Consumption  Factor  Data 

It  is  impractical  to  measure  the  actual  fuel  consumption  of  every  locomotive  used  to  haul  project 
freight.  Therefore,  this  parameter  is  to  be  estimated. 

Locomotive  Emission  Monitoring  Program  annual  reports  are  prepared  by  the  Railway 
Association  of  Canada  (RAC)  and  submitted  to  Environment  Canada.  These  reports  include  data 
on  total  RTK  shipped  by  all  Canadian  Railways  and  total  freight-related  fuel  consumption,  used 
according  to  the  method  described  in  Note  2,  above,  to  calculate  rail  fuel  consumption  factors. 
As  such,  they  are  considered  the  premier  source  for  fuel  consumption  and  emissions  data  for  the 
Canadian  rail  industry. 

Annual  fuel  consumption  data  used  to  determine  the  fuel  consumption  factor  as  described  in 
Note  2,  above,  represents  fuel  consumed  by  all  freight-related  rail  operations  (including  during 
actual  freight  movements  as  well  as  during  movement  of  rail  materials  and  other  non-revenue 
materials,  yard  idling,  transport  to  maintenance  facilities,  etc.,  but  excluding  passenger  train- 
related  emissions),  and  is  not  limited  to  the  smaller  amount  of  fuel  consumed  only  during  actual 
revenue  freight  movements.  This  approach  ensures  that  all  rail  fuel  consumption  and  emissions 
due,  either  directly  or  indirectly,  to  the  shipment  of  freight  is  considered. 

To  calculate  the  fuel  consumption  factor  in  units  of  L diesel  per  1,000  RTK,  fuel  consumed  is 
then  divided  by  annual  revenue  tonne-kilometers  shipped  by  the  rail  industry,  versus  the  larger 
value  of  gross  tonne-kilometers  moved  (which  includes  the  weight  of  both  loaded  and  unloaded 
railcars  in  addition  to  revenue  and  non-revenue  materials  being  moved).  The  net  result  of  this 
approach  is  that  a larger  fuel  consumption  number  is  divided  by  a smaller  tonne-km  number, 
resulting  in  a higher,  and  thus  more  conservative,  overall  fuel  consumption  factor  for  rail  freight 
transportation. 
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Appendix  IV:  Estimating  Emissions  from  SS  P14  - Loading  & Unloading  Operations 
during  Shipping 

As  noted  in  Table  0,  emissions  for  SS  P14  are  to  be  quantified  only  for  the  net  increase  in 
loading  and  unloading  operations  expected  during  the  project  as  compared  to  the  baseline. 
Increases  in  project  loading  and  unloading  relative  to  the  baseline  would  only  be  expected  to 
occur  for  shipments  involving  intermodal  terminals  where  goods  must  be  transferred  from  truck 
to  rail  or  from  rail  to  truck,  since  this  would  not  be  expected  to  occur  in  a truck-only  baseline 
shipment  case. 

Since  it  is  impractical  for  project  developers  to  measure  actual  loading  and  unloading  emissions 
occurring  at  intermodal  terminals  for  each  shipment,  emissions  for  this  SS  will  be  estimated,  as 
described  below. 

At  each  intermodal  terminal,  it  is  assumed  in  the  worst  case  (from  an  emissions  perspective)  that 
goods  would  need  to  be  transferred  by  crane  twice:  once  to  unload  from  the  first  transport  mode 
and  move  to  a storage  area;  and  a second  time  to  move  from  the  storage  area  and  load  onto  the 
second  transport  mode.  The  number  of  crane  transfers  (or  lifts)  required  for  a particular 
shipment  (with  a shipment  in  this  case  considered  to  be  one  standard  shipping  container)  would 
therefore  typically  range  from  zero  to  four,  depending  on  if  a rail  spur,  versus  intermodal 
terminal,  is  used  at  one  or  both  ends  of  the  journey  (wherever  a rail  spur  is  used,  no  incremental 
transfers  would  be  required  as  compared  to  the  baseline  since  loading  onto  rail  occurs  at  the 
origin/destination).  Interestingly,  in  the  Alberta  context,  no  crane  transfers  would  occur  within 
Alberta  for  shipments  passing  through  the  province,  and  at  maximum  only  two  transfers  would 
occur  within  the  province  where  the  origin  or  destination  is  outside  of  Alberta.  However,  the 
worst  case  of  four  transfers  being  needed  still  applies,  and  is  considered  further,  below. 

Considering  the  case  of  four  crane  transfers,  associated  emissions  can  be  estimated.  Diesel 
cranes  are  typically  used  for  intermodal  terminal  loading  and  unloading  operations  (versus 
electrical  or  other  fuel-powered  equipment),  and  these  cranes  are  have  been  estimated  to 
consume  on  average  21.6  L diesel/hr  and  perform  12.6  lifts/hr  according  to  a CN  Rail  study  (CN 
Rail,  1999).  Using  these  values,  fuel  consumption  per  lift  can  be  estimated  as: 


(21.6  L/hr)  / (12.6  lifts/hr)  = 1.7  L diesel  per  lift 


Using  a diesel  combustion  emission  factor  for  a heavy  diesel  truck  with  moderate  controls  of 
2757.53  g C02e  /L  diesel  (Environment  Canada,  2006b)  as  a proxy  for  a crane  emission  factor, 
associated  emissions  can  be  estimated  as: 


(1.7  L/lift)  X (2757.53  g C02e  /L)  - 4.7  kg  C02e  /lift 


In  comparison,  fuel  combustion  emissions  expected  from  a train  transporting  a 15-tonne  load  500 
km,  based  on  a 2004-2006  average  train  fuel  consumption  factor  of  6.002  L diesel  / 1,000  RTK 
(RAC,  2007;  RAC,  2006)  and  a train  emission  factor  of  3074.15  g C02e  / L Diesel  (Environment 
Canada,  2006b),  would  equal: 
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(6.002  L diesel  / 1,000  RTK)  X (15  tonnes)  X (500  km)  X (3074.15  g C02e  / L Diesel) 

= 138  kg  C02e  / shipment 


Therefore,  the  worst-case  estimate  of  incremental  loading  and  unloading  emissions  for  a single 
15  tonne,  500  km  intermodal  shipment  can  be  determined  as: 


(4.7  kg  C02e  / lift)  X (4  lifts  / shipment)  / (138  kg  C02e  / shipment)  = 13.6% 


While  this  represents  a relatively  large  percentage  of  train  operation  emissions,  this  is  equal  to 
only  2.6%  of  the  net  difference  between  train  and  truck  operation  emissions,  assuming  a trucking 
emission  factor  of  1 14  g C02e  / t-km  (as  determined  in  Appendix  V)  and  rail  fuel  consumption 
and  emission  factors  noted  above.  See  below  for  this  calculation: 


Worst-case  loading  and  unloading  emissions  as  a percentage  of  the  difference  between  truck  and 
train  operation  emissions 

= 13.6%  X (Rail  Emission  Factor)  / (Truck  Emission  Factor  - Rail  Emission  Factor) 

= 13.6%  X (6.002  L diesel  / 1,000  RTK)  X (3074.15  g C02e  / L Diesel)  / [(1 14  g C02e  / RTK)  - 
(6.002  L diesel  / 1,000  RTK)  X (3074.15  g C02e  / L Diesel)] 

= 2.6% 


Of  course,  some  shipments  may  be  less  than  15  tonnes  and  less  than  500  km,  which  would 
increase  the  relative  significance  of  loading  and  unloading  emissions  as  compared  to  train 
operation  emissions.  However,  on  the  other  hand,  lighter  shipments  would  be  expected  to 
require  less  energy  for  lifts,  and  the  potential  for  modal  shifting  is  generally  considered  to  be 
greater  for  longer  routes.  This  bias  to  longer  routes  for  modal  shifting  means  that  the  worst  case 
of  four  additional  lifts,  which  would  apply  only  to  shipments  with  both  an  origin  and  destination 
in  Alberta,  is  expected  to  occur  only  in  the  minority  of  shipments  likely  to  be  quantified  using 
this  protocol. 

Therefore,  emissions  for  SS  P14  will  be  calculated  as  14%  of  emissions  associated  with  SS  PI  1 
- Train  Operation,  considered  a conservative  value  in  this  case.  This  simplified  approach  is 
considered  appropriate  given  that  in  the  worst  case  presented  above  loading  and  unload 
emissions  represent  only  a modest  2.6%  of  the  difference  between  truck  and  train  operation 
emissions. 
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Appendix  V:  Determining  a Truck  Emission  Factor  for  the  Baseline 

Fuel  economy,  and  thus  GHG  emissions,  of  freight  transport  trucks,  is  influenced  by  a wide 
variety  of  factors,  including: 

• Mass  of  Load 

• Configuration  (e.g.  tractor  with  single  trailer,  two  trailers  - also  known  as  B-Trains,  etc.,  with 
fuel  efficiency  per  tonne-km  improving  with  additional  trailers) 

• Technology  (including  cab  heaters,  auxiliary  power  units,  limiters,  hybrids,  etc.) 

• Type,  age  and  condition  of  vehicle 

• Driver  driving  habits,  including  average  speed,  idling  and  breaking  / acceleration  habits  (a 
significant  factor) 

• Route  planning  and  optimization 

• Topography  of  the  route 

• Weather  and  temperature 

• Amount  of  stop-and-go  traffic 

• Whether  or  not  the  truck  returns  empty  or  loaded 

As  a result,  the  most  accurate  truck  emission  factors  would  be  determined  by  directly  measuring 
fuel  consumption  by  trucks  on  the  specific  routes  that  will  be  driven  in  the  baseline  scenario,  and 
would  include  both  emissions  during  actual  freight  movement  as  well  as  emissions  from  idling, 
empty  returns,  etc  appropriately  allocated  on  a RTK  basis.  However,  this  approach  is 
impractical  for  all  but  the  least  complicated  of  baseline  shipping  operations  (e.g.  where  there  are 
only  a handful  of  routes  and  trucks  being  driven).  Instead,  it  is  necessary  to  determine 
appropriate  industry  average  truck  emission  factors  that  can  be  applied  to  baseline 
quantifications  in  general. 

Unfortunately,  data  on  freight  truck  GHG  emission  factors,  whether  aggregated  (e.g.  a single 
average  number)  or  disaggregated  (e.g.  broken  down  by  vehicle  type,  etc.)  are  limited  in  their 
availability  and  reliability.  This  lack  of  data  is  generally  recognized,  and  has  recently  prompted 
Transport  Canada  to  commission  a study  (Request  for  Proposal  No.  T8080-05-0601)  to  update 
road  transportation  emissions  data  last  reviewed  in  detail  by  the  department  in  1995  and  1997. 
Data  from  this  study  should  be  able  to  support  both  the  refinement  of  a single  average  emission 
factor  and  the  use  of  multiple  emission  factors  by  vehicle  type,  provided  that  the  project 
developer  has  sufficiently  detailed  shipping  records  or  related  information. 

Various  sources  of  truck  emissions  data  in  units  of  grams  CC^e  / tonne-km  do  exist,  but  they  are 
often  not  in  agreement,  and  it  is  not  always  clear  how  the  numbers  are  derived.  Table  V-l 
summarizes  emission  factors  examined  during  development  of  this  protocol: 
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A fourth  data  source  was  also  initially  consulted  (Environment  Canada,  “Factsheet  3 - 
Transportation:  1990-2000”,  which  indicated  a trucking  emission  factor  of  264. 7g  C02e/t-km), 
but  it  was  subsequently  learned  that  this  emission  factor  was  in  error.  Therefore,  this  emission 
factor  has  not  been  considered. 

The  emission  factors  presented  in  Table  V-l  cover  a relatively  wide  range,  with  the  upper  end  of 
the  range  roughly  double  that  of  the  lower  end.  Of  the  three  sources,  data  source  1 represents  the 
most  comprehensive  reference  (though  dated),  and  is  very  close  to  the  average  of  all  emission 
factors  presented  in  the  table.  As  well,  emission  factors  from  sources  2 and  3 were  determined 
by  combining  data  and  assumptions  multiple  sources  since  all  requisite  data  was  not  available  in 
a single  source,  decreasing  their  reliability.  Therefore,  based  on  the  above  emission  factors,  it  is 
recommended  that  an  average  trucking  emission  factor  of  114  g CCEe  / tonne-km  (Transport 
Canada  value  based  on  1995  data)  be  used  for  baseline  truck  transportation  as  an  interim 
measure  until  updated  data  are  made  available  by  Transport  Canada  or  other  sources.  The  extent 
to  which  non-revenue  emissions  reasonably  associated  with  movement  of  revenue  freight  (e.g. 
from  idling,  empty  returns)  are  incorporated  into  this  emission  factor  is  not  clear;  however,  if 
these  emissions  are  not  included,  the  emission  factor  would  be  underestimated,  which  would  be 
conservative  for  calculating  emission  reductions  from  switching  from  truck  to  rail.  Ideally,  a 
three-year  average  trucking  emission  factor  based  on  annually  updated  trucking  emissions  data 
would  be  used  to  be  consistent  with  the  approach  taken  for  determining  rail  emissions;  however, 
availability  of  such  data  is  not  foreseen  in  the  near  future. 

A project  developer  is  free  to  use  alternative  trucking  emission  factors  as  long  as  the 
appropriateness  of  the  alternative  data,  in  terms  of  accuracy  based  on  project-specific  truck 
configurations,  routes  and/or  other  factors  as  identified  at  the  beginning  of  this  note,  is  clearly 
justified. 
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